Purpose of Review The tibial tubercle-to-trochlear groove (TT-TG) distance and tibial tubercle-to-posterior cruciate ligament (TT-PCL) distance have both been proposed for use in the evaluation of patients with patellofemoral instability. Recent Findings While the TT-TG value may be confounded by several factors, including age, gender, body mass index, and varying degrees of knee flexion on cross-sectional imaging, recent literature supports its utility for differentiation of patients with and without patellofemoral instability, and stratification of patients with and without coronal malalignment. The TT-PCL describes pure lateralization of the tibial tubercle, and may be used in conjunction with the TT-TG to better understand the path taken by the extensor mechanism of the knee joint. Summary The TT-TG measurement is superior to the TT-PCL measurement for differentiating patients with patellofemoral instability from their stable counterparts, though TT-PCL may be useful in conjunction with TT-TG for better understanding the path of the extensor mechanism across the knee joint.
Introduction
Coronal malalignment is a concept that is often discussed in the setting of patellofemoral instability. Simple valgus alignment across the knee joint is occasionally the focus, especially in growing children with patellofemoral problems. More often, however, the angle taken by the extensor mechanism across the knee is scrutinized. The Quadriceps, or "Q," Angle was utilized frequently until it was called into question for its lack of interrater reliability due to patient positioning, contraction of the muscle, or difficulty identifying landmarks [1] [2] [3] . Currently, cross-sectional imaging is the gold standard for understanding the path taken by the extensor mechanism. This advancement has led to the development of two measurements of coronal alignment for use in patellofemoral instability: the TT-TG and TT-PCL.
Tibial Tubercle-to-Trochlear Groove Distance
Originally, the tibial tubercle-to-trochlear groove distance, or TT-TG, was described. This measurement describes the lateral-to-medial distance between two points: the insertion of the extensor mechanism on the tibia (TT), and the center of the trochlear groove on the femur (TG). Depending on the modality of imaging and technique selected, the tibial tubercle is measured at either the distal insertion of the patellar tendon on MRI [4] or the center of the tibial tubercle on CT [5] . Likewise, the TG is measured at the deepest portion of the trochlear groove at either (1) the most distal axial image with an intact intercondylar notch [6] , (2) the axial image with the largest anterior-to-posterior femoral condylar dimension [7, 8] , (3) the axial image with the highest resolution image of the posterior condylar subchondral bone (4), or (4) the axial image with the most proximal view of the complete trochlear cartilage [9] . The measurement is taken in a parallel plane to the posterior femoral condylar line, as depicted in Fig. 1 .
Tibial Tubercle-to-Posterior Cruciate Ligament Distance
More recently, the tibial tubercle-to-posterior cruciate ligament (TT-PCL) has gained popularity for use in the setting of MRI. Originally described by Seitlinger, the TT in this measurement is described as the center of the patellar tendon attachment on the tibial tubercle, and the PCL is measured by utilization of two axial images: one with the best view of the medial border of the PCL's attachment on the tibia, and the other to give the trajectory of the measurement, parallel to the dorsal tibial condylar line [10] . The TT-PCL has been an attractive tool in the arthroplasty community in particular, and proponents note that keeping all the reference points on the tibia eliminates the potentially confounding variable of the amount of flexion across the knee joint: in other words, rather than the path taken by the extensor mechanism across the knee, this measurement focuses purely on lateral positioning of the tibial tubercle itself [11] . Figure 2a -d demonstrate the step-by-step process of measuring the TT-PCL. Two studies compared the reliability of TT-TG measurements to that of TT-PCL, and both found that while the interrater reliability for TT-TG was excellent, that of TT-PCL was only moderate [6, 10] . By comparison, another author examined the two measurements, and found that the interrater reliability was only fair for both [11] .
Kinematics of the Knee Joint
As the knee moves from full extension into flexion, the contact points of both the medial and lateral femoral condyles on the tibial plateau shift posteriorly. However, in early flexion (up to 30°), [12] the lateral femoral condyle contact point "rolls back" up to 17 mm posteriorly, while the medial femoral condyle does not display any rollback [13, 14] . This leads to external rotation of the femur, or relative internal rotation of the tibia, during early flexion. This rotation has been shown to range from 12°to 20° [13, 15] . Marquez-Lara et al. confirmed the variability of TT-TG values with differing degrees of knee flexion [16] , and those who favor TT-PCL are concerned that variability in knee size, the size of any effusion, and the size of the coil used for MRI would necessarily change the degree of early flexion across the knee during a cross-sectional imaging study. This would potentially change the value of TT-TG measured on cross-sectional imaging.
TT-TG: Normal and Pathologic Values
The normal range of values for TT-TG has been reported to be 9.3-16.1 mm on CT scan, [17] and 8.9-11.1 mm on MRI [9] . Camp et al. directly compared CT and MRI measurements of TT-TG in the same patients, and found that while interobserver reliability was high in both cases, the values for CT and MRI differed by an average of 3.80 mm [4] . Some authors recommend individualizing the absolute value to the patient's size using a ratio [18, 19] . Some surgeons anecdotally use a cutoff of 15 mm, and others use a cutoff of 20 [20] , beyond which the coronal alignment is considered pathologic and worthy of intervention such as tibial tubercle osteotomy. Redler et al. indicated that an absolute cutoff may be multifactorial: these authors examined the interplay between TT-TG and patella alta (the sagittal position of the patella) and found that the isometry of a medial patellofemoral ligament reconstruction surgery was altered at lower cutoffs of TT-TG when coupled with significant patella alta [21] .
TT-PCL: Normal and Pathologic Values
The normal range of values for TT-PCL has been reported as 11.9 ± 4.67 mm, with a value more than 20 mm considered pathologic [10, 22] . A pediatric cohort exhibited similar anatomy: mean TT-PCL was 20.1 mm [23] . Interestingly, in the pediatric study, when a group with patellofemoral instability was compared to a group without instability, the TT-PCL value was not found to differ significantly (average 19.9 mm) for the control group. One review of the literature found good correlation between TT-TG and TT-PCL values in patients Fig. 1 Tibial tubercle-to-trochlear groove distance, as measured on MRI. In this case, the tibial tubercle (TT) is measured at the most distal aspect of the patellar tendon insertion, and the trochlear groove (TG) is measured at the most proximal axial image with a complete cartilaginous trochlea. The value is measured in parallel fashion to the posterior condylar line of the femur with patellofemoral instability, and recommended a cutoff of 21 mm based on their findings [24] .
Utilizing TT-TG and TT-PCL to Evaluate Patellofemoral Instability
However, as the pediatric study above hinted, TT-PCL has not been found to be reliably able to differentiate patients with and without patellar instability. As another example, the ratios recommended for use with TT-TG were more predictive of recurrent instability than was TT-PCL in the study by Camp et al. [18] . This trend holds across multiple other studies. Heidenreich et al. and Daynes et al. noted a broad range of TT-PCL values in patients with instability, and recommended combining the TT-TG and TT-PCL measurements for an individualized understanding of the anatomy of the extensor mechanism and patellofemoral joint [22, 25] . Likewise, a study comparing knee MRIs in patients with patellofemoral instability to those in patients with ACL tears found that while a high TT-TG was predictive of diagnosis of patellofemoral instability, TT-PCL could not differentiate between the groups [6] .
Conclusion
Despite the desire for simplicity that is driving the use of the TT-PCL measurement, the current literature remains in favor of TT-TG as a tool for evaluation of patellofemoral instability. This fact indicates that, while the rotation involved in early knee flexion is inevitably confounding, the inclusion of points both above and below the knee joint lends an important, dynamic component to our understanding of the path taken by the extensor mechanism. While the TT-PCL's measurement of pure lateralization of the tibial tubercle may seem simpler than TT-TG, the former requires the combination of three axial images, while the latter only requires two. Thus, these authors favor TT-TG to provide a thorough understanding of the coronal alignment of the extensor mechanism in a patient with patellofemoral instability. 
Authors' Preferred Approach
The TT-TG measurement has been shown to be reliable and not statistically different whether measured proximally or distally along even a dysplastic trochlear groove [6] , so we recommend choosing the measurement technique that is most reproducible for the examiner. While the commonly held cutoff of 20 mm is a good starting point for evaluating patients' coronal alignment, we recommend that this value be combined with a measurement of patellar height. If a patient's imaging confirms patella alta, a TT-TG over 20 mm will more significantly affect patellar tracking than in the case of normal patellar height. In addition, the value can be combined with physical examination findings such as a J sign during early knee flexion. Trochlear dysplasia is worthy of careful consideration, given that it is the most powerful predictor of recurrence after a patellar instability episode [26] , but the relationship between dysplasia and coronal malalignment has not been well-defined. Chondral wear is also an important factor, especially if patients present with a significant complaint of pain between instability episodes: We lower the threshold for correcting even a borderline TT-TG value in the setting of significant lateral patellofemoral chondromalacia, because a tibial tubercle osteotomy can be utilized to unload the compromised chondral surface. Likewise, in the setting of fullthickness medial disease, we are more conservative to avoid loading the injured cartilage. If the TT-TG is more than 15 mm with full-thickness lateral patellofemoral chondral wear, a J sign on physical examination, severe trochlear dysplasia, and/ or a TT-PCL over 20 mm-or if the TT-TG is simply more than 20 mm (particularly in the setting of patella alta)-we consider adding tibial tubercle osteotomy to improve patellar tracking in patients with a history of recurrent patellar instability, as an unloading procedure for the chondral damage.
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